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1st Editorial Decision 05 February 2016

Thank you for the submission of your manuscript to EMBO Molecular Medicine. We have now
heard back from the two referees who we asked to evaluate your manuscript. Although the referees
find the study to be of potential interest, they also raise a number of concerns that need to be
addressed in the next final version of your article.

As you will see from the comments pasted below, the referees find the data of interest. However, the
manuscript should be rewritten taking care of limiting over-interpretations, providing more details,
including additional references to position the study in a more accessible fashion to non-malaria
experts and overall emphasising in a better way the novelty and importantly for our scope, the
clinical relevance and putative insights for the translational field (see additional comments from
Referee 2 when prompted for cross-commenting on the other referee report-below). Referee 2 also
mentions some technical issues that must be addressed in a satisfactory way.

I look forward to seeing a revised form of your manuscript soon.
*EkxEE Reviewer's comments *#%* 4%
Referee #1 (Remarks):

This manuscript examines var sequences to identify conserved domains that are associated with
severe disease. Studies of natural infection and disease outcomes remain central to building disease
hypothesis in severe malaria. Prior studies have shown that specific parasite sequences domains
encoding the parasite ligand are associated with severe versus mild disease and that these ligands
have corollary host endothelial cell receptors; They had a landmark study in PNAS demonstrating
the association of Domain cassette 8 and 13 with severe malaria (EPCR binding); and other field
studies have also shown an association of these EPCR binding parasites and severe malaria. This
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study newly examines the complete relevant ligand sequence to determine if additional parasite
sequence domains are associated with disease outcomes.

They data are presented in an easily understood way. They demonstrate that the mild malaria
associated vars do not express parasite ligand sequences associated with adherence to EPCR, a
receptor recently identified as important in severe malaria. They note that the domain CIDRa1-
EPCR is enriched in severe malaria parasites.

"The results of this study suggest that the presence of a CIDRalpredicted to bind EPCR is such a
trait." Is the primary conclusion stated in paragraph one of the discussion? Isn't this already known,
and what is the primary new finding from this in depth sequencing study? Would state clearly the
new findings (even if they are confirming prior studies, can state that the in-depth sequence analysis
eliminated other domains and confirm the importance of this region.)

"However, a precise description of the group A var genes involved in severe malaria was missing
and the.." could be more specific and note that prior studies focused on specific domains, and this
study now analysed the entire relevant sequence (ie precise description has no meaning")

Careful attention to the subtypes of severe malaria would be useful as the phenomena of pathologic
parasite sequestration is specific to CM "A widespread sequestration of infected erythrocytes (IE) in
various host organs appears to be the triggering phenomena for most of the pathological processes
involved in severe malaria (5, 6)". ie this is not completely true and can examine the autopsy
literature that specifies CM to be associated with sequestration.

A strong case of adherence and var transcript could be through associating var transcripts and
HRP2, a plasma measurement that reflects the adherent biomass

They do examine transcript differences between CM (associated with pathologic sequestration and
Severe anemia, which is not) and find some differences "showed a tendency towards a higher
proportion of group B type DCS transcripts (i.e. encoding CIDRa1.1/1.8 domains) in patients with
severe anaemia than in patients with cerebral malaria (median levels 22.9% and 0%, respectively
P=0.09) (Table 2). The opposite trend was observed for group A transcripts encoding proteins
predicted to bind EPCR (i.e. encoding CIDRal.4 - 1.7) (15.9% for severe anaemia vs. 21.1% for
cerebral malaria P=0.13)." Are these differences important; is this the key to CM versus non CM
severe disease, consider further discussion

But looking at the plots overall, the Severe anemia and CM look similar, would be interesting to
discuss why they have similar patterns but sequestration only occurs in CM.

"The molecular basis for the DBLB-ICAMI interaction is poorly understood" Thus they may be
careful not to overstate that ICAMI is not important binding ligand; if the binding mechanism is not
known how can they state "that ICAM1 binding alone (via groupB-C PfEMP1 not binding EPCR) is
not an important determinant of severe malaria." (many studies show that SM parasites adhere to
ICAM-1)

Minor

Was there really 25% mortality in mild malaria (table 1)?

"Also, all of the six subtypes of CIDRal (1.1 and 1.4-1.8) appeared to be involved in precipitating
severe malaria." These studies are only association studies, cannot state they precipitate severe
malaria; that requires functional studies would shorten the discussion, and have it relevant to this
new data (can summarize the old studies quickly, state what the knowledge gap is and how this
study provides new or confirmatory information)

Referee #2 (Remarks):

The manuscript addresses an important question about the functional domains of PFEMP1s
expressed in severe malaria. The paper is well written and the data sound and well analysed.
However there is a lack of clarity as to which "quantitative" data is presented and the supporting
data for the validation of the quantitation is not presented.
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It seems that the quantitative CIDR data presented in the paper was from the original endpoint pcr
454 sequencing. After 30 cycles of PCR it would be surprising if this quantitation were accurate.
Why not use the subsequent, more robust, qpcr of the six most frequently detected genes per
patient? It is not clear whether the quantitation of the other domains used the q pcr data or inferred
the quantitation from the proportion of tags their cognate dbl alpha represented. Again the g-rt-pcr
data should have been used, as it would be more robust. The authors should clarify this point.

The actual comparison of the validation of the quantitative inference from the dbla endpoint pcr
sequencing should also be included. The median q pcr data for each gene compared to the
proportion that each abundant dbl alpha tag represents of the total dbla tags per patient should be
presented, these could be scatter plots appended to suppl figl. Some kind of statistical support
should also be provided for the quantitative assumption.

minor comments

fig 2 is redundant with table 2 and less informative than table 2 which includes p values. I found the
redundant discussion of the fig 2 results distracting as I spent time trying to figure out what was
different from the previously described table 2. Table 2 could be extended to include the genomic
frequency of the various CIDR types if the authors feel it is necessary, it does make it clear that
expression frequency differs from the frequency in the genome.

supplementary fig 2 is the same as fig 2, it is cidrs not dbls

line 158 "transcripts encoding DBLas linked to EPCR-binding CIDR domains" these should be
named in the text as per the labelling in the table.

line 159 I couldn’t see DBLalphal.7 in the table

line 177, the information about the non-severe malaria mortality should be provided as a footnote
with table 1

suppl fig 3A should include error bars for std deviation, asterisks following x axis labels are not
defined

Additional comment from Referee 2 as a response to cross-commenting request on referee 1 review:

"The novelty lies in the identification of the coding sequence for the entire extracellular portion of
the most abundantly expressed PFEMP1s. Thus the study could have identified any additional
PfEMP1 domains associated with severe disease. However the study did not find additional domains
so its importance for clinical medicine lies in proving that CIDRalphal domains alone are associated
with severe disease. If correct this could have significant impact on anti-disease malaria vaccine
design. However additional details and statistical support are required to prove that the quantitative
analysis was robust.

Previous studies used sets of primers to various domains designed from published genomes and
therefore could reasonably be suspected of missing novel PFEMP1 sequences that were absent from
the reference genomes. Precedent exists for this concern as the initial candidates for adhesion to
CSA in pregnancy malaria were incorrectly identified using just such an approach. Thus this study
extends previous findings implicating CIDRal in severe disease.

I agree that linking biomass via HRP to PFEMP1 domains is a good idea for strengthening
associations with sequestration. I also agree that the assumption that severe malaria anemia is
associated with sequestration is questionable. I disagree that only post-mortem associations between
sequestration and cerebral malaria have been reported. Nguansangiam et al Trop Med Int Health
2007 reported associations between sequestration in the kidneys and fatal, non cerebral malaria with
acute renal failure and MacPherson et al Am J Pathol 1985 reported sequestration in multiple tissues
in non-cerebral fatal malaria, albeit sequestration was greatest in the brain in both cerebral and non-
cerebral malaria. However I do agree that a more thorough revision of the literature surrounding
sequestration in non cerebral, severe malaria would be useful."
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1st Revision - authors' response 15 April 2016

Referee #1 (Remarks):

This manuscript examines var sequences to identify conserved domains that are associated with
severe disease. Studies of natural infection and disease outcomes remain central to building disease
hypothesis in severe malaria. Prior studies have shown that specific parasite sequences domains
encoding the parasite ligand are associated with severe versus mild disease and that these ligands
have corollary host endothelial cell receptors; They had a landmark study in PNAS demonstrating
the association of Domain cassette 8 and 13 with severe malaria (EPCR binding); and other field
studies have also shown an association of these EPCR binding parasites and severe malaria. This
study newly examines the complete relevant ligand sequence to determine if additional parasite
sequence domains are associated with disease outcomes.

The data is presented in an easily understood way. They demonstrate that the mild malaria
associated vars do not express parasite ligand sequences associated with adherence to EPCR, a
receptor recently identified as important in severe malaria. They note that the domain CIDRal
(EPCR binding) is enriched in severe malaria parasites.

"The results of this study suggest that the presence of a CIDRal predicted to bind EPCR is such a
trait." Is the primary conclusion stated in paragraph one of the discussion? Isn't this already known,
and what is the primary new finding from this in depth sequencing study? Would state clearly the
new findings (even if they are confirming prior studies, can state that the in-depth sequence analysis
eliminated other domains and confirm the importance of this region.)

Author Response: We agree with the reviewer. The sentence has been removed, and the main
conclusion is only outlined in the concluding remark of the discussion.
The abstract has also been changed to clarify novelty.

"However, a precise description of the group A var genes involved in severe malaria was
missing and the.." could be more specific and note that prior studies focused on specific domains,
and this study now analysed the entire relevant sequence (ie precise description has no meaning")

Author Response: The sentence has been changed as suggested:

“However, a complete description of the domain composition of the PFEEMP1 molecules expressed
by parasites causing severe malaria was missing and the relative importance of different domain
types including those predicted not to bind EPCR was left unanswered.”

Careful attention to the subtypes of severe malaria would be useful as the phenomena of pathologic
parasite sequestration is specific to CM "A widespread sequestration of infected erythrocytes (IE) in
various host organs appears to be the triggering phenomena for most of the pathological processes
involved in severe malaria (5, 6)" . ie this is not completely true and can examine the autopsy
literature that specifies CM to be associated with sequestration.

A strong case of adherence and var transcript could be through associating var transcripts and
HRP2, a plasma measurement that reflects the adherent biomass.

Author Response: It is characteristic for all P. falciparum malaria infections that peripheral blood
smears only contain ring stage parasites. Since essentially only ring stage parasites are detected in
peripheral blood, the parasites detected in the patients arose from parasites that were sequestered a
few hours prior to blood sampling. With a median parasite density of 30,000 parasites per
microliter, a child blood volume of 0.5-1 | and an effective multiplication rate of 15), this
corresponds to that the parasites in the peripheral blood of an average SA child arose from > 1
billion sequestered parasites. The equivalent number for the CM patients would be twice that.
Sequestration of a huge parasite biomass is not unique to cerebral malaria as also evident from
recent epidemiological studies (Hendriksen (Goncalves et al., 2014, Hendriksen et al., 2012), and as
highlighted by reviewer 2 tissue sequestration is also documented by “Nguansangiam et al Trop
Med Int Health 2007 " which reported association between sequestration in the kidneys and fatal,
non-cerebral malaria with acute renal failure and by “MacPherson et al Am J Pathol 1985 which
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reported sequestration in multiple tissues in non-cerebral fatal malaria, albeit sequestration was
greatest in the brain in both cerebral and non-cerebral malaria”. More recent autopsy studies
focused on cerebral malaria(Milner, Jr. et al., 2015; Milner, Jr. et al., 2014), but reported parasite
sequestration in four patients with severe malarial anemia (SA).

Retinopathy, which recently have been shown to correlate well with parasite sequestration in the
brain (Barrera et al., 2015), is also found in SA patients albeit more severe in CM patients (Beare et
al., 2004, Essuman et al., 2010). Finally, a recent study in which bone marrow was aspirates from
290 anemic children in Mozambique showed that late blood stage parasite sequestration in the bone
marrow is common and that haemozoin deposition in bone marrow is associated with severity of
anaemia (Aguilar et al., 2014)

The total parasite biomass in a patient consists of the circulating stages and the hidden sequestered
parasites, and therefore biomass determined by detection of peripheral parasites may be biased by
the sampling time. Comparison of HRP2 plasma levels and the level of var gene transcripts in
individual patients could potentially be interesting, but we believe that the reported parasite
densities gives a reasonable comparison of the total parasite biomass when comparing clinically
defined groups of patients.

The pathogenesis of SA is complex and involves clearance of both infected and un-infected
erythrocytes and a dysfunctional erythropoiesis™*™ < 2"V we agree that evidence that
sequestration per se drive pathogenesis is lacking, and our data cannot answers this.

They do examine transcript differences between CM (associated with pathologic sequestration and
Severe anemia, which is not) and find some differences "showed a tendency towards a higher
proportion of group B type DCS transcripts (i.e. encoding CIDRa;1.1/1.8 domains) in patients with
severe anaemia than in patients with cerebral malaria (median levels 22.9% and 0%, respectively
P=0.09) (Table 2). The opposite trend was observed for group A transcripts encoding proteins
predicted to bind EPCR (i.e. encoding CIDRal.4 - 1.7) (15.9% for severe anaemia vs. 21.1% for
cerebral malaria P=0.13)." Are these differences important; is this the key to CM versus non CM
severe disease, consider further discussion

But looking at the plots overall, the Severe anemia and CM look similar, would be interesting to
discuss why they have similar patterns but sequestration only occurs in CM.

Author Response: We agree that the profiles are overlapping, but as argued above there is no doubt
that sequestration is a prominent feature of other forms of severe malaria (only rings are detected in
peripheral blood). Nevertheless it is interesting and perhaps surprising that parasites causing very
different symptomatology not differ more markedly in phenotype. However earlier studies of var
gene transcripts in patients are in line with our findings
(Abdi et al., 2015; Amulic et al., 2009, Bertin et al., 2013;Kirchgatter and Portillo, 2002;Kyriacou et al., 2006;Lavstsen et al., 2012; Normark et al.,
2007; Warimwe et al., 2009 . . . . e ) . .

arimwe eta ). Epidemiological studies show that individuals in endemic areas acquire
immunity to all types of severe malaria after having survived 1-3 severe malaria. This indicates that
immunity to severe malaria is not syndrome-specific and that the target of this antibody mediated
. . . (Goncalves et al., 2014, Hviid, 2010)
immunity is conserved

In order to correct our statements on sequestration in and development of SA and to expand the
discussion on the similar var expression patterns in CM and SA, the comment on parasite
sequestration in the introduction has been changed to:

“At their late stages, P. falciparum infected erythrocytes sequester in post capillary venules and are
not detected in peripheral blood. This is thought to be the triggering phenomena for many of the
pathological processes involved in severe malaria (5-10)”

And in the concluding remark of the discussion:

“In conclusion, the only PFEMP1 domain consistently associated with severe paediatric malaria,
regardless of qualifying syndrome, was CIDRal predicted to mediate EPCR binding. This raises the
question whether the interaction with EPCR provoke all the various pathological processes initiated
by parasite sequestration. EPCR activation of protein C plays an essential role in the regulation of
coagulation, vascular inflammation, and endothelial permeability (67). PFEEMP1 binding to EPCR
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inhibits protein C conversion (68-70) and thus parasite sequestration through EPCR engagement
could directly influence pathogenic processes leading to unfavourable inflammation and coagulation
events (71) as well as leakage through the blood-brain barrier and brain swelling (10). While the
presence of sequestered parasites in the brain is believed to be key to the organ specific pathology in
cerebral malaria, it is unclear whether sequestration in the bone marrow promotes development of
anaemia. However, sequestration of blood stage parasites and deposition of haemozoin is a common
finding in bone marrow aspirates from anaemic children living in malaria endemic areas (7). Future
studies must establish if the PFEEMP1 binding to EPCR in itself contributes to development of
anaemia “

Following the re-analysis of the var transcript proportions using the gPCR data (as suggested by
reviewer 2), the difference in expression levels of DC8 vs. group A EPCR binders between CM and
SA patients has become clearer. We agree that this observation is interesting and warrants more
attention than initially given. Thus, the statement below has been added to the Results section, and
the implications on understanding CM vs SA is dealt with in the Discussion as given in the next
Author response:

“Comparison of transcript proportions in patients with severe anaemia and cerebral malaria showed
that patients with severe anaemia had a higher proportion of group B type DCS transcripts (i.e.
encoding CIDRa1.1/1.8 domains) than patients with cerebral malaria patients (median levels 16.3%
and 0%, respectively P=0.16) (Table 2 and Figure 2). The opposite trend was observed for group A
transcripts encoding proteins predicted to bind EPCR (i.e. encoding CIDRal.4 - 1.7) (11.5% and
39.6% for severe anaemia and cerebral malaria, respectively, P=0.06). This difference was due to a
statistically significant higher proportion of transcripts encoding CIDRal.4 in patents with cerebral
malaria (0% and 25.3% for severe anaemia and cerebral malaria, respectively, P=0.02). The median
ratio between group A and group B CIDRal transcript proportions were 1.0 in severe anaemia
patients and 26.3 in patients with cerebral malaria (P=0.04).*

"The molecular basis for the DBLB;-ICAMI1 interaction is poorly understood" Thus they may be
careful not to overstate that ICAMI is not important binding ligand; if the binding mechanism is not
known how can they state "that ICAM1 binding alone (via group B-C PfEMP1 not binding EPCR)
is not an important determinant of severe malaria." (many studies show that SM parasites adhere to
ICAM-1)

Author Response: We have rewritten this section in the discussion to reflect the referee concern and
the more clear association between group A transcripts and CM which appeared after applying the
more precise gPCR based quantification method.

The paragraph now reads:

“The molecular basis for the DBLB-ICAMI interaction is poorly understood, making prediction of
ICAM1-binding domains uncertain. Nevertheless, our results suggest that severe malaria is
precipitated in the absence of ICAM1 binding (e.g. by EPCR-binding DC8 PfEMP1 previously
found not to bind ICAM1 (47, 48)) and that ICAM1 binding in absence of EPCR binding (via group
B-C PfEMPI not binding EPCR (49)) is not an important determinant of severe malaria. However,
the observation that EPCR binding group A PfEMP1 was more frequent in cerebral malaria patients
compared to those with severe malaria anaemia, could reflect a dual EPCR and ICAMI1 binding
capability of some of these PFEMP1 variants (31). Further elucidation of the molecular determinants
of PFEMP1-ICAMI1 interaction and ability to predict ICAM1-binding from the amino-acid sequence
is required to assess the role that group A PfEMP1 binding both ICAM1 and EPCR play in the
pathogenesis of cerebral malaria”

Minor

Was there really 25% mortality in mild malaria (table 1)?

Author Response: Yes two patients severely ill from septicemia was included as uncomplicated
malaria, because they were carrying P. falciparum parasites. Both of these patients died. This is
mentioned in the footnote to table 1.

"Also, all of the six subtypes of CIDRal (1.1 and 1.4-1.8) appeared to be involved in precipitating
severe malaria." These studies are only association studies, cannot state they precipitate severe
malaria; that requires functional studies
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Author Response: The sentence has been changed to:
“Also, all of the six subtypes of EPCR-binding CIDRal (1.1 and 1.4-1.8) were found highly
expressed in at least some patients with severe malaria”

I would shorten the discussion, and have it relevant to this new data (can summarize the old studies
quickly, state what the knowledge gap is and how this study provides new or confirmatory
information)

Author Response: The first paragraph of the Discussion has been condensed throughout. Please see
MS text.

Referee #2 (Remarks):

The manuscript addresses an important question about the functional domains of PFEMP1s
expressed in severe malaria. The paper is well written and the data sound and well analysed.
However there is a lack of clarity as to which "quantitative" data is presented and the supporting
data for the validation of the quantitation is not presented.

It seems that the quantitative CIDR data presented in the paper was from the original endpoint PCR
454 sequencing. After 30 cycles of PCR it would be surprising if this quantitation were accurate.
Why not use the subsequent, more robust, qPCR of the six most frequently detected genes per
patient? It is not clear whether the quantitation of the other domains used the qPCR data or inferred
the quantitation from the proportion of tags their cognate DBLalpha represented. Again the q-RT-
PCR data should have been used, as it would be more robust. The authors should clarify this point.

The actual comparison of the validation of the quantitative inference from the dbla endpoint pcr
sequencing should also be included. The median q pcr data for each gene compared to the
proportion that each abundant dbl alpha tag represents of the total dbla tags per patient should be
presented, these could be scatter plots appended to suppl figl. Some kind of statistical support
should also be provided for the quantitative assumption.

Author Response: We agree with the reviewer that the gPCR measurements are to be considered a
more accurate quantification than the DBLa tag PCR sequencing analysis. For this reason we have
re-analysed the data and redrawn the figures using relative transcript proportions determined by
qPCR.

All main observations and conclusions are similar, albeit now with a stronger association between
EPCR binding PfEMP1 and severe malaria, and with a clearer differential transcript proportion of
EPCR binding group A between cerebral malaria and severe anaemia patient groups. (Table 2, and
Figure 2). Please see answers to rev. 1 for added comments in results and discussion sections.

Minor comments

Fig 2 is redundant with table 2 and less informative than table 2 which includes p values. I found the
redundant discussion of the fig 2 results distracting as I spent time trying to figure out what was
different from the previously described table 2. Table 2 could be extended to include the genomic
frequency of the various CIDR types if the authors feel it is necessary, it does make it clear that
expression frequency differs from the frequency in the genome.

supplementary fig 2 is the same as fig 2, it is cidrs not dbls

Author Response: The data in Figure 2 and Table 2 overlap. However, we feel that the figure
conveys the data in an easy comprehensible way. We have exploited this to now show in Figure 2
only, the more detailed information on differences in CIDRal subtype expression between patient
groups. This also aids the discussion on the differences between CM and SA, which became more
pronounced and statistically significant with the re-analysis. Please see answers to rev. 1 for added
comments in results and discussion sections.
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Supplementary figure 2, it did show DBLa data, but the legend was wrong. However, the data in this
figure is also available in suppl. Table 1, and the figure has been removed.

line 158 "transcripts encoding DBLa linked to EPCR-binding CIDR domains" these should be
named in the text as per the labelling in the table. line 159 I couldn’t see DBLalphal.7 in the table

Author Response: Text has been corrected accordingly. The DBLol.7 was meant to be DBLol.8.

line 177, the information about the non-severe malaria mortality should be provided as a footnote
with table 1

Author Response: This has been done.

suppl fig 3A should include error bars for std deviation, asterisks following x axis labels are not
defined

Author Response: As the data are not normally distributed, the median and 25/75% percentiles are
given.

Additional comment from Referee 2, cross-commenting on referee 1 review:

The novelty lies in the identification of the coding sequence for the entire extracellular portion of the
most abundantly expressed PFEMP1s. Thus the study could have identified any additional PFEMP1
domains associated with severe disease. However the study did not find additional domains so its
importance for clinical medicine lies in proving that CIDRalphal domains alone are associated with
severe disease. If correct this could have significant impact on anti-disease malaria vaccine design.
However additional details and statistical support are required to prove that the quantitative analysis
was robust.

Previous studies used sets of primers to various domains designed from published genomes and
therefore could reasonably be suspected of missing novel PEEMP1 sequences that were absent from
the reference genomes. Precedent exists for this concern as the initial candidates for adhesion to
CSA in pregnancy malaria were incorrectly identified using just such an approach. Thus this study
extends previous findings implicating CIDRal in severe disease.

I agree that linking biomass via HRP to PFEMP1 domains is a good idea for strengthening
associations with sequestration. I also agree that the assumption that severe malaria anemia is
associated with sequestration is questionable. I disagree that only post-mortem associations between
sequestration and cerebral malaria have been reported. Nguansangiam et al Trop Med Int Health
2007 reported associations between sequestration in the kidneys and fatal, non cerebral malaria with
acute renal failure and MacPherson et al Am J Pathol 1985 reported sequestration in multiple tissues
in non-cerebral fatal malaria, albeit sequestration was greatest in the brain in both cerebral and non-
cerebral malaria. However I do agree that a more thorough revision of the literature surrounding
sequestration in non cerebral, severe malaria would be useful.

Author Response: Please see response to the topic under reviewer 1.

Author Response: We would like to thank both reviewers for constructive suggestions and relevant
critique.
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2nd Editorial Decision 05 May 2016

Thank you for the submission of your revised manuscript to EMBO Molecular Medicine. We have
now received the enclosed reports from the referees that were asked to re-assess it. As you will see,
the reviewers are globally supportive. However, before to move forward, I would like you to address
the remaining issue(s) highlighted once more by referee 2. Those are the same initially rose by this
referee; while mostly satisfied with the revision, s/he requests additional details (including
experimentally). Please proceed with revision as suggested in the report and reply to the referee
concerns in a point-by-point letter.

I look forward to seeing a revised form of your manuscript as soon as possible.

*kkEk Reviewer's comments **#%#
Referee #1 (Remarks):

Improved manuscript, clear data.
Referee #2 (Remarks):

The authors have partially addressed my concern re quantitation by using transformed q-rt-pcr data
for the domain analysis. The g-rt-pcr data is now presented as the proportion that each of 6 genes
comprises of the sum of the same 6 genes that are predicted by endpoint pcr to be most abundant in
a patient. The formula for the transformation seems appropriate except that for the percentage of
unannotated transcripts the reader is referred to the dbla tag analysis but nowhere in the text are the
unannotated transcripts described except in the legend for EV1 line 917-20. Here it appears they are
ectodomains that could not be successfully amplified from the 6 abundant dbla tags, this should be
moved to, or repeated in, the methods.

However I also explicitly asked for validation of the endpoint pcr dbla sequence tag counting to be
presented, e.g. as scatter graphs plotted against 2exp-delta Ct for the same genes. This is important
as the g-rt-pcr analysis depends on the assumption that the endpoint pcr and 454 sequencing
correctly identified six abundantly transcribed genes per patient, as these 6 constitute the total var
transcripts included in the g-rt-pcr analysis.

The authors have done this analysis but have not provided it as they state on line 485.

"The comparison between patient groups gave almost identical results as those obtained by qPCR
adjusted data. However, it should be noted that the two methods of quantification produced slightly
different results within a given patient."

If the results are slightly different that is OK but should be shown. If they are very different this

could be due to absence in the g-rt-pcr of dbla sequence tags that were present at low levels in the

© EMBO
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endpoint pcr, leaving only be a limited, upper range of g-rt-pcr values to plot. Including some g-rt-
pcr on low abundance dbla tags would establish the low end of the range and enable readers to
assess the validity of the selection of the 6 genes from the endpoint pcr as being abundant.

Alternatively the authors could use their extensive suite of var primers to estimate total levels of

exon2 or ups A+B+C in each patient and compare the levels of these indicators of total var
transcription to the 6 transcripts predicted to be abundant.

2nd Revision - authors' response 21 May 2016

Referee #2 (Remarks):

Referee: The authors have partially addressed my concern re quantitation by using transformed q-rt-
per data for the domain analysis. The g-rt-per data is now presented as the proportion that each of 6
genes comprises of the sum of the same 6 genes that are predicted by endpoint per to be most
abundant in a patient. The formula for the transformation seems appropriate except that for the
percentage of unannotated transcripts the reader is referred to the dbla tag analysis but nowhere in
the text are the unannotated transcripts described except in the legend for EV1 line 917-20. Here it
appears they are ectodomains that could not be successfully amplified from the 6 abundant dbla
tags, this should be moved to, or repeated in, the methods.

Reply: The description of un-annotated genes is now given in the methods section: “A list of
assembled and annotated transcripts is shown in Appendix Figure S1. For some genes it was not
possible to amplify the full-length gene or to assemble the full sequence. For these domain un-
annotated genes the DBLa-tag sequence information was used to assign the transcript to a var
group as follows: ......"”"

Referee: However I also explicitly asked for validation of the endpoint pcr dbla sequence tag
counting to be presented, e.g. as scatter graphs plotted against 2exp-delta Ct for the same genes.
This is important as the g-rt-pcr analysis depends on the assumption that the endpoint pcr and 454
sequencing correctly identified six abundantly transcribed genes per patient, as these 6 constitute the
total var transcripts included in the g-rt-pcr analysis. The authors have done this analysis but have
not provided it as they state on line 485.

"The comparison between patient groups gave almost identical results as those obtained by qPCR
adjusted data. However, it should be noted that the two methods of quantification produced slightly
different results within a given patient."

If the results are slightly different that is OK but should be shown. If they are very different this
could be due to absence in the g-rt-pcr of dbla sequence tags that were present at low levels in the
endpoint pcr, leaving only be a limited, upper range of g-rt-pcr values to plot. Including some g-rt-
pcr on low abundance dbla tags would establish the low end of the range and enable readers to
assess the validity of the selection of the 6 genes from the endpoint pcr as being abundant.

Alternatively the authors could use their extensive suite of var primers to estimate total levels of
exon2 or ups A+B+C in each patient and compare the levels of these indicators of total var
transcription to the 6 transcripts predicted to be abundant.

Reply: We agree that the DBLa-tag PCR approach risks under- or overestimating the relative
abundance of single var transcript species. Although we have previously designed several primer
sets that target different subsets of var genes, these cannot be used to determine the total var
transcript abundance with a sensitivity and precision required to check if var species have been
missed by the DBLa-tag analysis (degenerate primer to unknown targets will be prone to biases, in
previous unpublished work we have failed to design and validate primers targeting exon? for
quantifying “all vars”).

We agree that showing a correlation between the gPCR and DBLa-tag quantifications, lends
support to the genes chosen for further analysis indeed were the most prominently expressed.
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We have therefore added plots (Appendix Figures S2+S83) of ¢PCR reported transcript abundances
vs. DBLa-tag proportions as well as gPCR corrected transcript proportions vs. DBLa-tag
proportions. Overall these plots validated subdominant and dominant transcripts. The gPCR
correction of the profiles reassigned a median of 21% transcript proportion between the measured
genes in each patient (now stated in the Methods section).

The plots also show that the selected genes must be considered as highly expressed based on what
has been observed in other in vivo studies of var2csa gene expression in pregnant women (Ndam
JID 2005, Ndam PLoS One 2008). Here, var2csa transcript abundances in placental parasites
range from dCt 3 to -5 whereas the interquartile range of high binders was 0 to -4, median -1 (dCt
values corrected to correspond to the same internal control gene as used for the children - fructose-
bisphosphate aldolase vs seryl-tRNA synthetase). The measured transcript abundances of the severe
malaria children top6 genes range from dCts 5 to -4.5, and the accumulated top6 transcripts
correspond to dCts from -0.3 to -5.5, median -3.1.

Tuikue Ndam NG, Salanti A, Bertin G, Dahlbdck M, Fievet N, Turner L, Gaye A,
Theander T, Deloron P. High level of var2csa transcription by Plasmodium
falciparum isolated from the placenta. J Infect Dis. 2005 Jul 15;192(2):331-5.
Epub 2005 Jun 14. PubMed PMID: 15962229.

Tuikue Ndam N, Bischoff E, Proux C, et al. Plasmodium falciparumTranscriptome Analysis
Reveals Pregnancy Malaria Associated Gene Expression. Beeson J, ed. PLoS ONE.
2008;3(3):e1855. doi:10.1371/journal.pone.0001855.
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Reporting Checklist For Life Sciences Articles (Rev. July 2015)

This checklist is used to ensure good reporting standards and to improve the reproducibility of published results. These guidelines are
consistent with the Principles and Guidelines for Reporting Preclinical Research issued by the NIH in 2014. Please follow the journal’s
authorship guidelines in preparing your manuscript.

A- Figures
1. Data

The data shown in figures should satisfy the following conditions:

= the data were obtained and processed according to the field’s best practice and are presented to reflect the results of the
experiments in an accurate and unbiased manner.
figure panels include only data points, measurements or observations that can be compared to each other in a scientifically
meaningful way.
graphs include clearly labeled error bars for independent experiments and sample sizes. Unless justified, error bars should
not be shown for technical replicates.
if n< 5, the individual data points from each experiment should be plotted and any statistical test employed should be
justified
Source Data should be included to report the data underlying graphs. Please follow the guidelines set out in the author ship
guidelines on Data Presentation.

>
>
>
>

2. Captions

Each figure caption should contain the following information, for each panel where they are relevant:

> a specification of the experimental system investigated (eg cell line, species name).
the assay(s) and method(s) used to carry out the reported observations and measurements
an explicit mention of the biological and chemical entity(ies) that are being measured.

an explicit mention of the biological and chemical entity(ies) that are altered/varied/perturbed in a controlled manner.

the exact sample size (n) for each experimental group/condition, given as a number, not a range;

a description of the sample collection allowing the reader to understand whether the samples represent technical or
biological replicates (including how many animals, litters, cultures, etc.).

a statement of how many times the experiment shown was independently replicated in the laboratory.

definitions of statistical methods and measures:

* common tests, such as t-test (please specify whether paired vs. unpaired), simple x2 tests, Wilcoxon and Mann-Whitney
tests, can be unambiguously identified by name only, but more complex techniques should be described in the methods
section;

are tests one-sided or two-sided?

are there adjustments for multiple comparisons?

exact statistical test results, e.g., P values = x but not P values < x;

definition of ‘center values’ as median or average;

definition of error bars as s.d. or s.e.m.

>
>
>
>
>
>
>

Any descriptions too long for the figure legend should be included in the methods section and/or with the source data.

Please ensure that the answers to the following questions are reported in the manuscript itself. We encourage you to include a
specific subsection in the methods section for statistics, reagents, animal models and human subjects.

In the pink boxes below, provide the page number(s) of the manuscript draft or figure legend(s) where the
information can be located. Every question should be answered. If the question is not relevant to your research,

please write NA (non applicable).

USEFUL LINKS FOR COMPLETING THIS FORM

http://www.antibodypedia.com
http://1degreebio.org

http://www.equator-network.org/reporting-guidelines/improving-bioscience-research-repo

http://grants.nih.gov/grants/olaw/olaw.htm
http://www.mrc.ac.uk/Ourresearch/Ethicsresearchguidance/Useofanimals/index.htm

http://ClinicalTrials.gov
http://www.consort-statement.org

http://www.consort-statement.org/checklists/view/32-consort/66-title

http://www.equator-network.org/reporting-guidelines/reporting-recommendations-for-tun
http://datadryad.org

http://figshare.com

http://www.ncbi.nim.nih.gov/gap

http://www.ebi.ac.uk/ega

http://biomodels.net/

http://biomodels.net/miriam/

http://jjj.biochem.sun.ac.za
http://oba.od.nih.gov/biosecurity/biosecurity_documents.html
http://www.selectagents.gov/

B- Statistics and general methods

Please fill out these boxes

if you cannot see all your text once you press ref

1.a. How was the sample size chosen to ensure adequate power to detect a pre-specified effect size?

[The samplesize was based on our capacity to process the samples and obtain a full annotation of
the most highly transcribed var genes. Samples were randomly selected from patients with
different disease outcomes to obtain a reasonable samplesize for patients suffering from severe
anaemia and cerebral malaria, respectively

1.b. For animal studies, include a statement about sample size estimate even if no statistical methods were used.

NA

2. Describe inclusion/exclusion criteria if samples or animals were excluded from the analysis. Were the criteria pre-
established?

samples were not excluded

3. Were any steps taken to minimize the effects of subjective bias when allocating animals/samples to treatment (e.g.
randomization procedure)? If yes, please describe.

samples were randomly selected among patients with predefined clinical characteristicslamong
achieved samples

For animal studies, include a about r ion even if nor was used.

NA

4.a. Were any steps taken to minimize the effects of subjective bias during group allocation or/and when assessing results
(e.g. blinding of the investigator)? If yes please describe.

Plesase refer to the above answer

4.b. For animal studies, include a statement about blinding even if no blinding was done

NA

5. For every figure, are statistical tests justified as appropriate?

Do the data meet the assumptions of the tests (e.g., normal distribution)? Describe any methods used to assess it.

Non parametric analyses was used through out

Is there an estimate of variation within each group of data?

Is the variance similar between the groups that are being statistically compared?

Non parametric analyses were used and regression models are not included

C- Reagents



D- Anima

6. To show that antibodies were profiled for use in the system under study (assay and species), provide a citation, catalog [NA
number and/or clone number, supplementary information or reference to an antibody validation profile. e.g.,

Antibodypedia , 1DegreeBio

7. Identify the source of cell lines and report if they were recently authenticated (e.g., by STR profiling) and tested for NA
mycoplasma contamination.

* for all hyperlinks, please see the table at the top right of the document

| Models

8. Report species, strain, gender, age of animals and genetic modification status where applicable. Please detail housing |NA
and husbandry conditions and the source of animals.

9. For experiments involving live vertebrates, include a of i with ethical r ions and identify the [NA
[committee(s) approving the experiments.

10. We recommend consulting the ARRIVE guidelines (PLoS Biol. 8(6), ©1000412, 2010) to ensure |NA
that other relevant aspects of animal studies are adequately reported. See author guidelines, under ‘Reporting

Guidelines’. See also: NIH and MRC recommendations. Please confirm
compliance.

E- Human Subjects

F- Data A

G- Dual u:

11. Identify the committee(s) approving the study protocol.

National Institute for Medical Research, Dar es Salaam, Tanzania. NIMR(HQ/R.8a/Vol.8/1471

12. Include a statement confirming that informed consent was obtained from all subjects and that the experiments
conformed to the principles set out in the WMA Declaration of Helsinki and the Department of Health and Human
Services Belmont Report.

Informed consent was obtained from the guardins of the children included in the study-
The experiments conformed to the principles set out in the WMA Declaration of Helsinki and the
Department of Health and Human Services Belmont Report

. See author guidelines, under ‘Reporting Guidelines’. Please confirm you have followed these guidelines.

13. For publication of patient photos, include a statement confirming that consent to publish was obtained. NA
14. Report any restrictions on the availability (and/or on the use) of human data or samples. None
15. Report the clinical trial registration number (at ClinicalTrials.gov or equivalent), where applicable. NA
16. For phase Il and Ill randomized controlled trials, please refer to the CONSORT flow diagram NA
and submit the CONSORT checklist with your submission. See author guidelines, under

‘Reporting Guidelines’. Please confirm you have submitted this list.

17. For tumor marker prognostic studies, we recommend that you follow the REMARK reporting guidelines NA

ccessibility

18. Provide accession codes for ited data. See author guideli under ‘Data Deposition’.

Data deposition in a public repository is mandatory for:
a. Protein, DNA and RNA sequences

b. Macromolecular structures

c. Crystallographic data for small molecules

d. Functional genomics data

le. Proteomics and molecular interactions

Genbank accession numbers for extracted genes are in progress

19. Deposition is strongly recommended for any datasets that are central and integral to the study; please consider the
journal’s data policy. If no structured public repository exists for a given data type, we encourage the provision of
datasets in the manuscript as a Supplementary Document (see author guidelines under ‘Expanded View’ or in
unstructured repositories such as Dryad or Figshare b

Data has been submitted under"expanded view'

and list of select agents and toxins (APHIS/CDC) . According to our biosecurity guidelines,
provide a statement only if it could.

20. Access to human clinical and genomic datasets should be provided with as few restrictions as possible while NA
respecting ethical obligations to the patients and relevant medical and legal issues. If practically possible and compatible
with the individual consent agreement used in the study, such data should be deposited in one of the major public access-|
controlled repositories such as dbGAP or EGA b
21. As far as possible, primary and referenced data should be formally cited in a Data Availability section. Please state NA
(whether you have included this section.
Examples:
Primary Data
Wetmore KM, Deutschbauer AM, Price MN, Arkin AP (2012). Comparison of gene expression and mutant fitness in
Shewanella oneidensis MR-1. Gene Expression Omnibus GSE39462
Referenced Data
Huang J, Brown AF, Lei M (2012). Crystal structure of the TRBD domain of TERT and the CR4/5 of TR. Protein Data Bank
4026
AP-MS analysis of human histone deacetylase interactions in CEM-T cells (2013). PRIDE PXD000208
22. Computational models that are central and integral to a study should be shared without restrictions and provided in a [NA
machine-readable form. The relevant accession numbers or links should be provided. When possible, standardized
format (SBML, CellML) should be used instead of scripts (e.g. MATLAB). Authors are strongly encouraged to follow the
MIRIAM guidelines and deposit their model in a public database such as Biomodels

or JWS Online . If computer source code is provided with the paper, it should be
deposited in a public repository or included in supplementary information.
se research of concern
23. Could your study fall under dual use research restrictions? Please check biosecurity documents NA




